Background Helicobacter pylori infection induces a biased T helper type 1 (Th1) response that produces IFN-c and Fas ligand (FasL). Th1 cytokines are associated with apoptosis in the gastric epithelial cells.
Introduction
Helicobacter pylori, a microaerophilic, gram-negative, spiralshaped bacterium that colonizes the stomach, was first reported by Warren and Marshall in 1984 [1] . H. pylori is involved in the pathogenesis of chronic active gastritis as well as duodenal ulceration, gastric ulceration (GU), and gastric cancer [2] . The gastric mucosal inflammatory response induced by this bacterium is usually chronic and lifelong [3] . H. pylori induces release of chemoattractants from gastric epithelial cells in vitro [4] , and persistent colonization results in the release of mucosal chemotactic factors that attract neutrophils and mononuclear cells in the stomach [5] . Recent evidence indicates that T cells are increased in H. pylori-infected gastric mucosa and these gastric mucosal T cells phenotypically resemble T helper type 1 (Th1) cells [6] . The presence of Th1 cells mediates subsequent tissue damage through direct cytotoxic activity or by producing Th1 cytokines, such as IFN-g and TNF-a [7, 8] .
IL-18 was first described in 1989 as IFN-g-inducing factor, which was produced during endotoxemia in mice preconditioned with an earlier infection of Propionibacterium acnes and subsequently challenged with lipopolysaccharide [9] . IL-18, which cooperates with IL-12 in the regulation of Th1 cytokine responses is known to be expressed in intestinal epithelial cells and thus may be important in the differentiation of effector T cells toward a Th1 biased cytokine response pattern [10] [11] [12] . IL-18 has structural similarities with the IL-1 family of proteins [10] . Gene expression and/or protein secretion of IL-18 have been observed in macrophages, dendritic cells, mononuclear cells, keratinocytes, osteoblast cells, pituitary gland and adrenal cortical cells, astrocytes and microglia, and intestinal epithelial cells [13] [14] [15] [16] [17] . It has also been demonstrated that both precursor and mature forms of IL-18 exist [14] . IL-1b-converting enzyme (ICE), which is also called caspase-1, was originally identified as the protease responsible for the production of active IL-1b, a multifunctional cytokine that affects nearly every cell type and plays a central role in inflammation and associated pathological conditions [18, 19] . ICE is an intracellular cysteine protease that is synthesized as a precursor protein of 45 kDa and which is cleaved to an intermediate and then to p20 and p10 forms, which are the biologically active forms of the enzyme [20] . Activated ICE also cleaves the IL-18 precursor (pro-IL-18) into the mature form, and only mature IL-18 is bioactive [20] .
The major activity associated with IL-18 is induction of IFN-g production from Th1 cells and natural killer cells, especially in the presence of IL-12, and enhancement of their cytotoxicity through the Fas ligand-mediated mechanism [21] . It has been suggested that IL-18 may promote a Th1 type response and play a role in the induction of an ineffective immune response against H. pylori. We reported earlier that Th1 cytokines associated with apoptosis in gastric epithelial cells, and Fas Ligand (FasL) and IFN-g are involved in ulcerogenesis in patients with H. pylori-positive GU [22] . We hypothesized that IL-18 secreted at the ulcer site might play a role in ulcerogenesis through promotion of a Th1-type response. In this study, we examined the secretion of IL-18 and IFN-g using biopsy specimens from ulcer and nonulcer sites in 27 GU patients with H. pylori infection.
Materials and methods

Study groups and mucosal biopsy samples
Mucosal biopsy samples were obtained from the gastric antrum and ulcer site in 27 patients with GU (17 male and 10 female, 53.1 ± 10.2 years old) and 20 with functional dyspepsia (FD) (11 male and nine female, 52.2 ± 7.3 years old), whose conditions were diagnosed during upper gastroduodenal endoscopic examination at Nagoya University Hospital from October 2000 to January 2002 ( Table 1 ). Among the 27 GU patients, 14 had an active open ulcer and 13 had ulcer scarring. None of the patients took proton pump inhibitors, NSAIDs, antibiotics or bismuth compounds during the preceding 3 months. Six antral specimens were taken from adjacent areas of endoscopically intact mucosa in the GU and FD patients, with one for bacterial culture, and rapid urease test (CLO test; Delta West, Bentley, Australia) and histological examination, and three for in-vitro organ cultures for IL-18, soluble FasL (sFasL), and IFN-g measurement. Four specimens were taken from the margin of the open ulcer or the center of the ulcer scar in GU patients, one for histological examination and three for IL-18, sFasL, and IFN-g quantification. All samples were obtained with informed consent in accordance with the Helsinki Declaration and the study was approved by our institution's ethics committee. H. pylori infection was confirmed by positive results for at least two out of four diagnostic methods: bacterial culture, rapid urease test, [ 13 C]-urea breath test or identification of the organism on tissue sections (Giemsa stain). The absence of infection was defined by a negative result in all four tests. Eight GU patients with H. pylori infection were treated with a triple therapy regimen of omeprazole 20 mg, amoxicillin 750 mg, and clarithromycin 200 mg (all b.i.d.), and H. pylori eradication was evaluated at 1 year after treatment.
Organ culture
Mucosal biopsy tissues were weighed and cultured in a 5% CO 2 incubator for 48 h on a culture insert (Falcon, Oxnard, California, USA) placed over polystyrene plates (Falcon) containing RPMI 1640 (Life Technologies, Inc., Rockville, Maryland, USA) medium with 5% heatinactivated fetal calf serum, 15 mmol/l N-2-hydroxyethylpiperazine-N 0 -2-ethanesulfonic acid buffer, 100 U/ml of penicillin-G, and 100 mg/ml of streptomycin (culture medium) under the conditions of 10 mg/ml of phytohemagglutinin-P (Sigma Chemical Co., St. Louis, Missouri, USA). At the end of the culture period, the supernatants were collected and kept at -701C until assayed for IL-18, sFasL, and IFN-g levels. Total protein in biopsy homogenates was assayed by a modification of the Lowry method.
Production of IL-18 by MKN45 cells treated with IFN-c or Helicobacter pylori
MKN45 human gastric epithelial cells were grown in RPMI 1640 supplemented with 10% fetal bovine serum (FBS) and gentamicin 20 mg/ml in an atmosphere of 5% CO 2 at 371C. For coculture experiments, H. pylori was grown in Brucella broth with 5% FBS for 48 h. MKN45 cells, 1 Â 10 6 , were seeded in 7 ml volumes of medium without antibiotics in tissue culture dish (Falcon 3003) and IFN-g (Boehringer Manheim, Germany) was added (500 units/ml) and cells were then incubated for another 16 h. H. pylori was added to MKN45 cells at a bacteria/cell ratio of 1000 : 1, and after 24 h, the supernatants were A chloroform-phenol extraction method was used to obtain DNA from the H. pylori isolates as described earlier [23] . cagA and vacA status was assessed by reverse hybridization using a line probe assay [24] .
Statistical analyses
Analysis of paired observations was performed using a paired t test for normally distributed data. Linear regression analysis was done to examine the correlation using the Spearman rank correlation coefficient. A P value of less than 0.05 was considered statistically significant.
Results
Cytokine levels in organ culture
All 27 GU patients and 10 out of 20 FD patients were found to be H. pylori-positive, whereas 10 FD patients were H. pylori-negative. All 37 H. pylori strains from both GU and FD patients were cagA-positive and vacAs1/m1. Antral mucosal tissues from H. pylori-positive FD patients contained (P < 0.01) higher levels of IL-18, IFN-g, and sFasL than those from uninfected FD patients, respectively ( Table 1 ). The supernatants of organ cultures of gastric mucosal tissues from the edge of ulceration or ulcer scar site showed significantly (P < 0.01) higher levels of IL-18, IFN-g, and sFasL compared with those from the uninvolved antral mucosa, respectively ( Table 2 ). No significant difference in IL-18, IFN-g, and sFasL levels in the supernatants of antral gastric tissue between GU and H. pylori-positive FD patients was observed.
With regard to ulcer stage in GU patients, there was no significant difference in IL-18, IFN-g, and sFasL levels between samples from open ulcers and ulcer scars, respectively (data not shown). A positive correlation between levels of IL-18 and IFN-g levels (r = 0.7, P < 0.01) at the edge of ulceration or ulcer scar site ( Fig. 1 ) was present. Eight patients were treated with triple therapy for H. pylori infection, and all were confirmed to be successfully eradicated 1 year after treatment. H. pylori eradication resulted in a significant decrease in the levels of IL-18, IFN-g, and sFasL at the ulcer site, respectively (Table 3) . Relationship between IL-18 and IFN-g levels in biopsy culture supernatants from the ulcer site. A significant positive correlation was seen between IL-18 and IFN-g amounts at ulcer site (r = 0.7, P < 0.01).
IL-18 protein expression levels in MKN45 cells
We next evaluated IL-18 protein expression levels in MKN45 cells after H. pylori infection to study mechanisms by which H. pylori induces IL-18 release. MKN45 cells produced IL-18 protein after H. pylori infection but this was augmented in cells pretreated with IFN-g, and the 18.3-kDa mature form of IL-18 appeared only in H. pylori infected epithelial cells (Fig. 2) .
Expression of IL-18, IL-1b-converting enzyme, and caspase-3
Earlier studies have shown that the active form of IL-18 is processed from the precursor protein through the proteolytic enzymatic cleavage by ICE. The activation of distal caspase-3 also executes cell death by proteolysis of important intracellular proteins, leading to DNA fragmentation. Therefore, we next examined the expression of IL-18 and caspases in MKN45 cells by western blotting. The active forms of IL-18, ICE, and caspase-3 were each detected after stimulation with H. pylori alone or with a combination of IFN-g and H. pylori (Fig. 3 ).
IL-18 secretion from gastric epithelial cells
We further investigated whether H. pylori infection induces the secretion of IL-18 from epithelial cells by enzyme-linked immunosorbent assay. MKN45 cells with or without IFN-g were infected with H. pylori and were cultured for 24 h. The levels of IL-18 secretion from MKN45 cells which were treated with both IFN-g and H. pylori were significantly higher than nontreated or cells only treated with IFN-g alone (P < 0.01) ( Fig. 4) .
Induction of epithelial cell death
To investigate whether IL-18 could induce apoptosis in epithelial cells in vitro, we stimulated MKN45 with IFN-g and/or H. pylori. The degree of apoptosis of MKN45 cells has significantly increased in the H. pylori-primed gastric epithelial cells, most notably with a combination of IFN-g and H. pylori (Fig. 5 ).
Discussion
IL-18, IFN-g, and sFasL levels were higher in H. pyloripositive patients than in H. pylori-negative patients, and were particularly increased at the ulcer site compared with those at distant sites in the antrum.
In H. pylori-positive GU patients, inflammatory cells infiltrate the gastric mucosa, particularly at sites of ulcer [25, 26] . We took mucosal biopsies from the antral mucosa as well as the gastric site and compared them with IL-18, IFN-g, and sFasL production. Given that GU is mainly associated with a corpus-predominant atrophic gastritis, a better understanding of the pathogenesis of atrophic gastritis and GU will require the conduct of studies of inflammatory phenomena in the corpus mucosa. Gastric mucosal epithelial cells secrete several kinds of cytokines in association with H. pylori infection, which may form cytokine networks between immunocompetent cells within the gastric mucosa [5] . Recently, the role of T cells in the pathophysiology of gastric epithelial injury has gained attention, in which Th1 have been shown to Western blot analysis for IL-18 production from MKN45 cells cocultured with IFN-g, H. pylori strain 26695, or both. IFN-g: -, not pretreated; + , pretreated H. pylori: -, without H. pylori; + , with H. pylori. Western blot analysis for IL-1b-converting enzyme (ICE) and caspase-3 production from MKN45 cells cocultured with IFN-g, H pylori strain 26695, or both. IFN-g: -, not pretreated; + , pretreated H. pylori: -, without H. pylori; + , with H. pylori.
Helicobacter pylori upregulates IL- 18 Shimada et al. 1147 dominate among T cells infiltrating in the gastric mucosa infected with H. pylori. Fan et al. [8] reported that H. pylori infection induces apoptosis of gastric epithelial cells, in which IFN-g, a representative Th1 cytokine, is associated with cell death. In addition, there is accumulating evidence that IFN-g enhances the expression of Fas on the epithelial cells, and mucosal T cells positive for FasL play a major role in the apoptosis of gastrointestinal epithelial cells [22] . Fas is a cell surface receptor molecule, and binding of which to FasL induces cellular apoptosis [27] , suggesting that the Fas/FasL system may participate in the gastric mucosal injury associated with H. pylori infection. IL-18, which was cloned by Okamura et al. in 1995 [28] , has been shown to induce IFN-g production by either T cells or natural killer cells, and to enhance either the expression or the function of FasL on lymphocytes. Tomita et al. [29] reported that IL-18 activity increased in gastric mucosa infected with H. pylori. We evaluated levels of local expressions of IL-18 and IFN-g in the gastric mucosa in the patients with gastric ulcer, and found increased levels at the site of the ulcer, especially in the patients positive for H. pylori, and a decrease in cytokine levels after eradication of H. pylori. In our study, IFN-g stimulates IL-18 protein production from MKN45 cells, which suggests that IFN-g not only is stimulated by IL-18, but also stimulates IL-18 indicating that both IL-18 and IFN-g produced by infiltrating T cells may participate in ulcerogenesis. Earlier studies have shown that there are the precursor and activated forms of IL-18, and that the 24 kD precursor form is processed by proteolytic cleavage by ICE to become biologically active 18 kD peptide [30] . We thus investigated the levels of IL-18 by western blotting, which revealed an increase in the levels of both precursor and activated forms of IL-18 in the cultured gastric epithelial cell line by the addition of H. pylori, the effect of which was augmented by pretreatment with IFN-g. The active forms of IL-18, ICE, and caspase-3 were detected after stimulation with H. pylori alone or a combination of IFN-g and H. pylori, suggesting that ICE is involved in the processing of the active form of IL-18 in these experimental conditions and that induction of apoptosis in gastric epithelial cells occurs through the enhancement of the expression of caspase-3.
Recently, caspase has been shown to be the key executing molecule of apoptosis [27] . We thus investigated the association of caspase in the cellular injury of cultured gastric mucosal cell line, and found that the expression of caspase-3 increased by the addition of H. pylori in the gastric epithelial cells, the effect of which was enhanced by the pretreatment with IFN-g.
In this study, all 37 H. pylori strains from both GU and FD patients were cagA-positive and vacAs1/m1. Colonization by cagA-positive strains induces more intense cellular infiltration in the gastric mucosa and increases the risk of development of upper gastrointestinal diseases [30] .
Here, we were unable to compare IL-18 production between the patients infected with cagA-positive H. pylori strains and those infected with cagA-negative strains. Further study should be carried out whether or not H. pylori virulence factor influences the production of IL-18 from gastric mucosa.
In summary, the results of this study suggest that gastric epithelial cells in association with H. pylori infection produce IL-18, and mucosal T cells, which are activated by activated form of IL-18, may be induced by IFN-g production. In addition, our results suggest that apoptosis is induced because of the activation of caspase in the epithelial cells, which in turn associates with either the formation or recurrence of the gastric ulcer. Further studies focused on the interaction between gastric epithelial cells and immune cells are warranted to clarify the mechanism of mucosal injury associated with H. pylori infection.
